In this paper we discuss the fluidity of the hot and dense QCD matter created in ultrarelativistic heavy ion collisions in comparison with various other fluids, and in particular suggest its possible super-criticality. After examining the proper way to compare non-relativistic and relativistic fluids from both thermodynamic and hydrodynamic perspectives, we propose a new fluidity measure which shows certain universality for a remarkable diversity of critical fluids. We then demonstrate that a fluid in its super-critical regime has its fluidity considerably enhanced. Finally we discuss a possible relationship between the seemingly good fluidity of the QCD matter produced in heavy ion collisions at center of mass energy of √ s = 200 AGeV and the super-criticality of this matter with respect to the Critical-End-Point of the QCD phase diagram. Implications on the matter fluidity from SPS to LHC energies and potential signals for the search of the QCD Critical-End-Point via a beam energy scan are discussed as well.
Introduction
The exploration of the QCD phase diagram as well as the quantitative characterization of QCD matter is one of the most interesting challenges and questions in strong interaction physics. Hot and dense QCD matter can be created in the laboratory by means of heavy ion collisions, and experiments at the CERN Super Proton Synchrotron (SPS) and at the Relativistic Heavy Ion Collider (RHIC) have, over the years, revealed many intriguing and unexpected properties of this matter. For example the measurement of an unexpectedly large elliptic anisotropy v 2 [1] can be reproduced within the framework of hydrodynamics [2] , at least for low transverse momenta (p t ). This observation has led to the conjecture, that the matter produced in these collisions is strongly interacting, with nearly ideal fluidity [3] . Several microscopic explanations for this behavior have been suggested [4] [5] [6] , for example the "magnetic scenario" which features the co-existing electric and magnetic components of the plasma with the magnetic one ultimately enforcing the QCD confinement transition.
Arguments for the nearly ideal fluidity at center of mass energies of √ s = 200 AGeV, quantitatively represented by a rather small ratio of shear-viscosity over entropy-density, η/s, have come from different directions. Firstly, the v 2 data measured at RHIC have provided rather stringent constraints on viscous hydrodynamic calculations: the current status based on this approach is that an upper limit η/s ≤ 6/(4π) may be set [2] . (Some caveats on interpretation of v 2 data however should be kept in mind, such as hidden non-collective contributions to v 2 [7] or alternative 1 jliao@lbl.gov 2 vkoch@lbl.gov mechanism of producing v 2 [8] ). Secondly, recent developments from the AdS/CFT correspondence [9] have hinted at a universal lower bound η/s ≥ 1/(4π). While in principle violating examples have been found (see detailed discussions in e.g. [10] ), for all practical purposes this value serves as a useful benchmark for good fluidity of relativistic fluids. Finally, the fluidity of the QCD fluid has been compared [11, 12] to a few commonly known substances like Helium-4, water, nitrogen etc, using the measure η/s: it has been concluded that the QCD fluid has smaller η/s as compared with all those normal substances.
In this paper, we discuss the fluidity of the hot and dense QCD matter created at RHIC by comparing it with normal non-relativistic fluids and by applying valuable insights from those fluids. While the strategy is not new (see e.g. [11] [12]), we differ from all previous approaches in two distinct points: First, we carefully examine the difference between the inertia in relativistic and non-relativistic fluids, and, based on that, we propose a new measure of fluidity for comparing various fluids. Second, we emphasize, for the first time, the possible relevance of the so-called supercritical fluid for the matter produced at RHIC and discuss important implications for the expected fluidity for the matter produced in heavy ion collisions at different center of mass energies. We further elaborate on potential consequences for the search of the QCD Critical-End-Point via a beam energy scan. This paper is organized as follows: In Section 2 we will discuss the difference and relation between a nonrelativistic(NR) fluid and a relativistic(R) fluid. In Section 3 we will then propose a new fluidity measure, which is applicable for both relativistic and non-relativistic systems. Based on this new measure we will compare various fluid systems and demonstrate the improvement of fluidity in a fluid's super-critical regime. Finally in Section 4 we will use Lattice QCD results to construct equal-pressure lines on the QCD phase diagram. We then discuss the relationship between fluidity and super-criticality for heavy ion collisions, the evolution of fluidity with beam energies, and its implications for the search of the QCD CriticalEnd-Point(CEP).
Relativistic and Non-Relativistic Fluids
When comparing a relativistic (R) with a non-relativistic (NR) fluid, one needs to carefully keep track of the mass terms, which customarily are neglected in non-relativistic thermodynamics. In non-relativistic thermodynamics, the basic thermodynamic relation
does not take into account the mass of the particles. Here E N R refers to the kinetic and interaction energy of the particles. Similarly, the chemical potential, which represents the increase of energy by the addition of one extra particle, does not account for the particle's mass. The relativistic version of the basic thermodynamic relation,
on the other hand, takes into account the particle masses. Its non-relativistic limit can be obtained by simply including the mass terms in both the energy and the chemical potential
As we will discuss below (see also [14, 15] ), the thermodynamic quantity entering hydrodynamics is the enthalpy density, w defined as
where ǫ is the energy density and n is the particle density. As we will show, the non-relativistic limit of hydrodynamics involves the non-relativistic limit of the enthalpy, w R , including the mass term
and it is dominated by the mass density. In the ultrarelativistic limit T ≫ µ R , on the other hand, the enthalpy density is given by
The kinematic viscosity, which is defined as the ratio of the shear viscosity over the enthalpy density
usually serves as a measure for dissipation [14] . While the widely used ratio of shear-viscosity over entropy density, η/s is indeed related with the kinematic viscosity for ultrarelativistic systems, it misses the dominant mass term for a non-relativistic fluid.
In the following, we further demonstrate this point both in thermodynamics and in hydrodynamics. 
Thermodynamics
We start with the example of a classical (Boltzmann), relativistic free gas at temperature T and fixed (net-)particle density n = n P − nP . Following standard statistical mechanics in e.g. [13] , the Helmholtz free energy density is given by
Here we have introduced the re-scaled momentum integral,p = βp c ,
Using the usual thermodynamic relations we obtain expressions for other quantities, such as the chemical potential and the energy density:
Next we examine the non-relativistic limit by taking βmc 2 → ∞ in function I[y], Eq.10, (and its derivative
Obviously, in the non-relativistic regime the energy associated with the rest mass dominates the chemical potential, the free energy density, the energy density, and the enthalpy density. Contrary to that, neither entropy density s = (ǫ − f )/T nor the pressure P = µn − f , have an explicit dependence of the mass term, as intuitively expected.
Hydrodynamics
We now turn to the hydrodynamics in the relativistic and non-relativistic regime. Since the non-relativistic limit of relativistic hydrodynamics is discussed in textbooks [14, 15] , we will be brief here and just remind ourselves of the essential points, in particular how the relativistic inertia i.e. the enthalpy density w is replaced in the non-relativistic limit by the mass density ρc 2 . We start with the non-relativistic Navier-Stokes (N-S) equation 4 :
with the non-relativistic shear tensor
The corresponding relativistic N-S equation is given by 5 :
with the relativistic shear tensor
, and ∂ 0 = 1 c ∂ t . In the non-relativistic limit one has γ → 1, and w/c 2 → ρ and thus in leading order of v/c recovers the non-relativistic Navier-Stokes equation [14] .
To further elaborate the point, let us consider the propagation and attenuation of a sound wave of frequency ω and wave vector k = 2π/λ s (λ s is the wavelength ) in the presence of dissipation, characterized by the shear viscosity η. The dispersion relation for the wave is given by
To take into account possible bulk viscosity ζ, one simply makes the replacement As one can see, the same correspondence (w, ǫ) R → (ρc 2 ) N R appears again as in the thermodynamics Eq.(13).
Discussion on η/s
We end this section by a discussion of the ratio of shearviscosity over entropy-density-ratio, η/s, which has attracted a considerable interest in various fields of physics.
We first recall, from the perspective motivated by studying the QGP via heavy ion collisions, why η/s is a useful measure for the relativistic fluid, as was first pointed out in the seminal paper [16] . Consider a Bjorken-type longitudinal expansion of the quark-gluon plasma (with low baryonic density) formed in heavy ion collisions: its system size is limited by cτ at early time. With the presence of shear viscosity η, there will be dissipative effect (e.g. entropy generation) characterized by the ratio η/w τ (roughly the Knudsen number) which, by thermodynamic relation Eq.(7) w ≃ T s, leads to η s 1 T τ . To ensure a controllable dissipative correction to the ideal hydrodynamics, one requires firstly η/s is small enough and, secondly, T τ is of the order 1 or bigger. The former shall be a property of the underlying QGP while the latter means the viscous effect is most severe at early time and the hydrodynamic evolution may not be a good approximation at too early time. (Note in this discussion we adopted natural relativistic units with c = 1). One can draw two conclusions from this discussion: (a) η/s can serve as a good measure of fluidity for a relativistic fluid and the smaller it is the better the fluidity; (b) the ability of η/s to serve such a role is actually inherited from η/w.
The discussion above, however, leads to the observation that η/s for a non-relativistic fluid does NOT necessarily provide a good measure for its fluidity, because the role of the relativistic η/w corresponds to the non-relativistic η/ρ. This is certainly not a new lesson: it has been known from Navier and Stokes's time that what really matters for usual non-relativistic fluids' fluidity is not the dynamical viscosity η itself but rather the so-called kinematic viscosity η/ρ (see e.g. [14] ). Indeed by looking at actual data for water in the liquid and vapor phase at the same pressure one finds that liquid water has about one order of magnitude bigger shear viscosity, η, but nonetheless "wins the fluidity contest" since its kinematic viscosity, η/ρ, is about two orders of magnitude smaller than that of the vapor phase. We note that, the expression η/w for a relativistic fluid is a relativistic version of the kinematic viscosity (see also related discussions in [3] ). To conclude, we emphasize that for a non-relativistic fluid η/ρ is different from η/s (as is evident from the thermodynamics discussion) and only η/ρ serves as a good measure of fluidity (as is evident from the hydrodynamics discussion). This also implies that using η/s to compare the fluidity between a relativistic fluid (like the QGP, the AdS/CFT plasma) and a non-relativistic fluid (like Helium, water or cold Fermion gas [17] ) may not be as informative as one would expect.
A New Fluidity Measure
In this section we propose a new fluidity measure that is suitable for comparison between relativistic and nonrelativistic fluids.
We start with the sound dispersion relation in Eq. (16) . By requiring the imaginary part of the frequency, Imω, to be small in magnitude as compared with its real part Reω, we obtain:
The above equation implies that if a sound wave has its wavelength λ s comparable (or even smaller) than L η , it will be quickly damped on (or shorter than) a time scale of its period and spatially on a length scale about (or shorter than) its wavelength, which essentially means it can not propagate away in the medium. Therefore, the physical meaning of the length L η introduced above is to provide a measure for the minimal wavelength of a sound wave to propagate in such a viscous fluid 6 . Furthermore the length L η has the meaning of an effective mean-free-path (MFP) in terms of microscopic fluid particle motion. This becomes transparent in a weakly coupled gas: taking the non-relativistic gas as an example, the shear viscosity according to kinetic transport is
while the speed of sound is
with v T the thermal velocity. These lead to the combination
Unlike the mean-free-path which is conceptually intuitive but practically not easily computable or measurable (e.g. for fluids), the dissipative length L η is well-defined by macroscopic properties of the fluid and thus of practical use.
Next we need to introduce another meaningful length scale to make a dimensionless ratio: this becomes a necessity when comparing fluids at vastly different scales. In in case of the well known dimensionless ratios like the Knudsen and Reynolds numbers, an external length scale characteristic of the fluid motion is introduced, like the diameter of a pipe or the size of a moving object inside the 6 We note that other types of dissipative processes like thermal conduction may also be present and thus introduce different length scales. For example when the sound wave period τs ∼ 1/(csk) becomes larger than the thermal relaxation time scale τ T ∼ 1/(D T k 2 ) (with D T the thermal diffusivity) at wavelength smaller than D T /cs , then heat transport becomes rather efficient and the sound propagation becomes isothermal (see examples in e.g. [18] ). Nevertheless additional dissipations do not change the fact that the "good" sound modes shall have their wavelengths (at least) larger that the Lη set by shear viscosity only.
of short-range order in the system. In most cases this de-correlation length is simply set by the inter-(quasi-)particle distance. For a non-relativistic fluid "particles" and their number density n are well-defined, and thus the inter-particle distance is also a well-defined length scale:
For relativistic fluid it is less straightforward. For example a QGP with µ B = 0 and thus n B = 0 can still have substantial numbers of quarks and gluons. For such a relativistic fluid a simple estimate can be made via the entropy density, i.e. n ∼ s 4kB . Another way is to calculate the de-correlation length of e.g. the correlator < T 00 ( x, 0)T 00 ( 0, 0) > as has been done in recent lattice work [19] 
3 → ∞ (in the large N c limit) implying 1/n 1/3 → 0 while spatial correlators like < T µν ( x, 0)T µν ( 0, 0) > give a non-zero decorrelation length ∼ 1/T . We will return to these issues in the Subsection 3.3.
Finally by taking a ratio of the two length scales, we arrive at a fluidity measure
Below we will first show that the measure works well for non-relativistic fluids and bears certain universality for critical fluids. We will then show that the so-called supercritical fluids have even better fluidity. At the end we present a comparison of various interesting fluids. Following [11, 12] , we have extensively used the measured data for various fluids from the NIST WebBook [20] .
Critical Fluids
We first examine various fluids at fixed critical pressure P = P c . In Fig.1(left) , the proposed fluidity measure F = L η /L n is plotted for fifteen different substances at their respective critical pressure P c , including: Hydrogen (H 2 ), Helium-4 ( 4 He), Water (H 2 O), Deuterium oxide (D 2 O), Neon (N e), Nitrogen (N 2 ), Oxygen (O 2 ), Argon (Ar), Carbon Dioxide (CO 2 ), Krypton (Kr), Xenon (Xe), Isobutane (C 4 H 10 ), Octane (C 8 H 18 ), Dodecane (C 12 H 26 ), Octafluorocyclobutane (C 4 F 8 ). These substances cover a wide range of molar mass, chemical structure and complexity, with their respective critical temperature T c and pressure P c differing by orders of magnitude. Despite such huge differences, their fluidity curves resemble each other not only in shape but even quantitatively. In particular in their good liquid regime -roughly the "valley" region at ∼ 0.7 − 1 T c -they all show amazingly similar fluidity. To further expose the similarity, in the left panel of Fig.1(right) we show the value of the fluidity measure F at its minimum versus the substances' molecular molar masses. From this plot, roughly two bands can be identified: the green stars spread in a narrow band of F ∈ (0.3, 0.45) while spanning two-orders-of magnitude in molar mass which include all 11 non-organic substances; the red diamonds with roughly twice bigger F , include 4 organic substances with much more complicated molecular structures (e.g. chains) which, not surprisingly, lead to more dissipation. Even so, the splitting in fluidity between the two bands is merely aÔ(1) factor rather than any order-of-magnitude difference. Nevertheless as one can imagine, with increasing chemical complexity and molecular mass, the fluidity of more complex systems like e.g. engine oil may deviate significantly from what are shown in the figure.
To conclude the study of critical fluids, there appears to be certain universality of the newly proposed fluidity measure F , indicating that "a good fluid is a good fluid" despite many other details regarding the microscopic degrees of freedom.
Super-critical Fluids
While much attention has been paid to critical fluids, the fluidity of a fluid with significantly larger pressure P >> P c has been little discussed in the context of heavy ion collisions and QCD matter: so let us next explore this region. In the literature, this region is often referred to as the "super-critical fluid" region [18] , defined on a typical substance's T − P phase diagram (with critical point T c , P c ) as:
In particular we want to explore the deeply super-critical region with P >> P c . Taking water as an example, in Fig.2 we plot the fluidity measure F versus T /T c for fifteen different fixed pressure values ranging from 5 MPa all the way to 1000 MPa (note for water P c = 22 MPa). The four red solid curves are for P < P c, the green dashed curve is for P = P c while all the blue solid curves are for P > P c.
As can be seen from the plot, the curves change shape gradually and the fluidity becomes better and better with increasing P . The "valley" where F remains small and relatively flat becomes much wider and eventually flattens out substantially above T c for P >> P c. To quantify the remarkable fluidity of the super-critical fluid, we note that the minimum on the P = P c curve has a value for the fluidity F min (P c) ≈ 0.33 while the minimum for the P = 1000 MPa ≈ 45P c curve is at F min (45P c) ≈ 0.11, getting smaller by a factor of 3 and remaining close to the minimum within a rather broad temperature region! It should be mentioned that the same observation is also true for other fluids that we examined, like Helium-4, Nitrogen, etc. Furthermore such behavior is not specific for our fluidity measure only: a check on the η/s of water leads to similar conclusions.
The main lessons, as we emphasize again, are (a) for a given substance, the best fluidity is not necessarily achieved close to the critical point and (b) when going deeper into the super-critical regime its fluidity becomes much better.
Comparison of Various Fluids
Finally we attempt to compare various fluids of great current interests in terms of the new fluidity measure F we have proposed and studied above. The results are shown in Fig.3 . Below we give the details of how the curves for QCD, Cold Fermi Atom, and AdS/CFT are obtained.
For the QCD system, we have used a parametrization of the viscosity η by Hirano and Gyulassy in [21] : one uses η/T 3 c ≈ T /T c for hadronic gas (H.G.) below T c , and
interpolating to pQCD results for T >> T c , where the parameters are given as β 0 = 10, K SB = 12 and the running coupling [g 2 (T )] −1 = (9/8π 2 )ln(2πT /Λ) + (4/9π 2 )ln(2ln(2πT /Λ)) (with Λ ≈ 190M eV ) ( see [21] [11] for more details). The enthalpy density w = ǫ+p and speed of sound c s are taken from recent lattice results by Karsch et al [22] for 2+1 flavor QCD with m π ≈ 220M eV . As we mentioned before, L n is estimated by 1/(s/4k B ) 1/3 with the entropy density also taken from [22] .
For the strongly coupled AdS/CFT system, the shear viscosity is well known to be η/s = 1/(4π) [9] . As we also pointed out before, there is a short-range order at the length scale L n ∼ 1/T however the pre-factor is not accurately determined. We simply use L n = 1/T as an estimate. This gives the fluidity F = √ 3/(4π) ≈ 0.138. For the Cold Fermi Atom gas, its shear viscosity has been measured near its Feshbach resonance by Thomas et al in [23] for a certain range of system energy by analyzing the damping of collective modes in the atomic cloud (see also related work in [24] ). As a benchmark, we take the lowest viscosity found from the measurement (see Fig.4 in [23] ) which is η ≈ 0.214 n. The speed of sound has also been measured by the same group in [25] , from which we take the value c s ≈ 0.3632 v F near the Feshbach resonance. Since the Fermi velocity v F = k F /m, the mass density ρ = mn, and the Fermi momentum k F /n 1/3 = (3π 2 ) 1/3 , we obtain for the fluidity measure F ≈ 0.214/(0.3632
191. The question marks in Fig.3 indicate that the current estimates presented above may carry sizable uncertainties, and we expect the knowledge on these systems will become more accurate with time.
We finally come to the comparison in Fig.3 . As one can see, the critical fluids (water and Helium-4 at P c ) have a somewhat worse fluidity than the QCD, AdS/CFT and Cold Fermi Atom systems. Super-critical water at P = 11P c, on the other hand, already has a fluidity comparable to the QGP while at P = 45P c the fluidity of super-critical water appears to be better than that of the recently discussed "nearly perfect fluids".
A Super-critical QCD Fluid at RHIC?
The fluidity study in the previous section, in particular on the super-critical fluid, naturally leads to the following interesting question: Are we observing a super-critical QCD fluid at RHIC?
As is well known, what is usual referred to as T c ≈ 170 ∼ 190MeV in QCD is not a true second-order phase transition temperature but rather the temperature for a rapid crossover at µ = 0 [22] . There is however a (hypothetical) Critical-End-Point(CEP) at (T CEP , µ CEP ) on the QCD phase diagram marking the end of a plausible first-order phase transition at low T but high µ (see e.g. [26] and references therein). Accurate determination of the CEP from lattice QCD [27, 28, 29, 30, 31] and unambiguous observation of the CEP from heavy ion collisions [32] are among the most interesting and exciting goals of QCD research. While currently the position of the CEP is not well constrained, it is expected to have lower temperature than that of the QCD crossover transition at vanishing baryon density, T CEP < T c . Being very aware on the present uncertainty of the actual location of the QCD critical end point, let us, solely for demonstration purposes and for the sake of the argument, assume that its location is close to the estimate of ref. [29] , which suggests that T CEP ≈ 0.94T c , µ CEP ≈ 1.8T CEP . This location is indicated in Fig.4 as the filled black circle along with a question mark.
Next if we adopt the definition of super-criticality as in Eq. (25) for QCD, we need to know the equal-pressure lines on the QCD phase diagram typically plotted in terms of T − µ. To schematically construct these lines, we make use of the Taylor expansion of the pressure P (T, µ) with respect to µ:
with χ
the baryonic susceptibilities [29, 30, 33, 34, 36] . In order to construct the equal-pressure lines shown in Fig.4 we have used the lattice QCD results from Cheng et al for P 0 (T ) [22] and χ [33] . The blue line in Fig.4 indicates the equal pressure line with critical pressure P = P (CEP ) which, together with the T = T CEP line (dashed blue horizontal one starting from the CEP) form the boundary above which there is the QCD super-critical region. We emphasize that above the boundary the pressure P ∼ T 4 increases very rapidly. As a result the QGP quickly enters deeply into the supercritical regime where P ≫ P (CEP ). To give an idea: the pressures of the lines in units of the critical pressure P (CEP ) (value on the blue curve) are (from bottom to top) 0.05, 0.08, 0.13, 0.23, 0.27, 0.35, 0.63, 1, 2.7, 10, 18, respectively. Of course with improved lattice results for pressure, CEP and (higher order) susceptibilities a more accurate equal-pressure map for QCD matter will become available.
We now discuss a few important implications for heavy ion collisions experiments. As a pre-caution, the following discussions are by no means intended to provide quantitative statements but rather qualitative yet novel ideas. (I) At current RHIC energy ( √ s = 200 AGeV), Fig.4 indicates that most of the QGP phase of the created matter is likely in the super-critical region. This may very well be the reason why such good fluidity has been observed. If a relationship between good fluidity and super-criticality is indeed true for the QCD matter just as it is for water, then there will be a sensitive dependence of the fluidity on the actual position of the CEP. For example, the matter created at RHIC might have most of its evolution being in the super-critical region in case T CEP and P CEP are considerably lower than indicated in the Fig.4 . On the other hand, the matter created at SPS ( √ s ≃ 20 GeV seems to have its initial pressure and temperature already rather close to the critical one which would result in poor fluidity. And indeed hydrodynamic models for heavy ion collisions are much less successful at SPS energies than at RHIC energies. A heuristic possibility follows: the early thermodynamic states reached at RHIC and SPS may actually provide useful constraints for the position of the critical pressure.
(II) Further extending this line of thought, one may make a plausible suggestion: by measuring the beam energy dependence of the fluidity of the matter an empirical constraint may be put on the location of the QCD CEP. Tuning the center of mass energy √ s changes the initial states of equilibrated matter created in the collisions (see e.g. [37] ) as well as the freeze-out points (see e.g. [38] [39]). While lowering the center of mass energy √ s the initial pressure P i ( √ s) and temperature T i ( √ s) will both decrease. Thus the time the matter spends in the super-critical region becomes shorter and the average fluidity becomes worse. The fluidity at early time, when the viscous effect is most severe, becomes worse as well. Experimentally this may be manifested in a decrease of the ratio v 2 /ǫ with center of mass energy, which should become more rapid as the initial state gets closer to the CEP. Here v 2 is the final state elliptic anisotropy in transverse momentum space and ǫ the initial state matter eccentricity in transverse plane.
(III) Based on the possibility of a mostly super-critical QCD matter to be created in experiments at the Large Hadron Collider (LHC) (see Fig.4 ), one is led to predict an even better fluidity to be observed at LHC than at RHIC.
Both the RHIC energy scan and the LHC heavy ion experiments are in the foreseeable future, which shall soon be able to either confirm or falsify the idea of possible super-criticality of the QCD matter at RHIC.
Summary
In summary, we have discussed the fluidity of the hot and dense QCD matter as produced in ultrarelativistic heavy ion collisions in comparison with various other, well known fluids. In particular we have suggested its possible super-criticality based on insights gained from studying more conventional fluids like water. We have discussed several aspects relevant for a proper comparison of nonrelativistic and relativistic fluids, both from thermodynamics and hydrodynamics perspectives. A new fluidity measure F = L η /L n is then proposed, which shows certain universality in the good fluid regime for a remarkable diverse set of critical fluids. We have further demonstrated that the fluidity is enhanced in the super-critical fluid regime on a fluid's phase diagram. These studies inspired us to conjecture that the seemingly good fluidity of the QCD matter at RHIC may actually be related to its super-criticality with respect to the Critical-End-Point on the QCD phase diagram. This observation, if true, has far-reaching consequences for heavy ion collisions experiments: (a) the loss of such good fluidity at certain lower beam energy (as will be tested by the RHIC lower energy scan program) may be used as a signal to empirically constrain the position of the long sought CEP; (b) an even better fluidity may be expected at higher beam energy, which will soon be tested by the LHC heavy ion program.
